Short-term Effects of Flow and Sediment on Chinese Sturgeon Spawning  by Li, Zhi et al.
Procedia Engineering 28 (2012) 555 – 559
1877-7058 © 2012 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Society for Resources, Environment and Engineering 
doi:10.1016/j.proeng.2012.01.767
Available online at www.sciencedirect.com
 
 
Procedia 
Engineering  
          Procedia Engineering  00 (2011) 000–000 
www.elsevier.com/locate/procedia 
 
2012 International Conference on Modern Hydraulic Engineering 
Short-term Effects of Flow and Sediment on Chinese 
Sturgeon Spawning 
Zhi LIa, Huichao DAIa,b, Jingqiao MAOa, a 
a State Key Laboratory of Hydrology-Water Resources and Hydraulic Engineering, Hohai University, Nanjing, 210098，China 
b College of Hydraulic and Environmental Engineering, China Three Gorges University, Yichang, 443002,China 
 
Abstract 
Chinese sturgeon prefers to spawn in rocky substrates with favorable hydrodynamic conditions. The short-term 
effects of the flow speeds and sediment concentrations on Chinese sturgeon spawning were studied. According to the 
statistical results, about 90% of the spawning events during 1983-2000 occurred after a couple of days during which 
the daily velocity speeds and sediment concentrations decreased gradually. On the other hand, the larger fluctuations 
of velocity and sediment may have negative effects on Chinese sturgeon spawning. For these reasons, it is necessary 
to enhance the research of eco-regulation for the Three Gorges Project and Gezhouba Project on the Yangtze River. 
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1. Introduction 
Chinese sturgeon (Acipenser sinensis), an anadromous migration fish, mainly distribute in the coastal 
area near the Yangtze River estuary. Mature sturgeon begins to enter into the Yangtze River from April to 
June, and around October-November, can reach up to the historical spawning grounds in the upstream 
river. However, Gezhouba Dam built in 1981 blocked the Chinese sturgeon’s historical migration route. 
From 1981 to 1999, the numbers of the juvenile sturgeon and the mature sturgeon had been found to be 
reduced by 80% and 90% respectively [1]. Nevertheless, the natural reproduction is still the main source 
of Chinese sturgeon [2]. The new spawning ground is only located in the downstream reach from 
Gezhouba Dam to Miaozui. Thereby guaranteeing a proper environment for natural spawning ground is 
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important for the protection of Chinese sturgeon.  
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Fig 1. location of Chinese sturgeon spawning ground 
The basic hydrodynamic conditions for Chinese Sturgeon spawning have been studied by some 
researchers [3,4]. Most previous studies studied the ranges and the spatial distributions of some 
hydrodynamic conditions. However, because the spawning of Chinese sturgeon lasts during nearly one 
day, the short-term change of hydrodynamics might have a very important effect on the Chinese sturgeon 
spawning. Thereby this paper focuses on the short-term effects of hydrodynamics by analyzing the time 
dependent flow and sediment data. 
2. Short-term effects of current velocity on spawning 
2.1. Range of current velocity suitable for spawning 
Proper flow conditions can provide a good environment for the spawning. Before spawning, proper 
flow may promote the development of Chinese sturgeon’s gonad [5]. The proper flow can also provide a 
clean riverbed for the adhering of sturgeon spawn and sufficient dissolved oxygen for the development of 
fertilized spawns [5].Totally 23 spawning events were recorded from 1983 to 2000, including 10 times of 
double-spawning in a year and 3 times of single-spawning. Chinese sturgeon mainly spawn with the flow 
between 0.80 m/s and 1.60 m/s. The moderate velocities help to decrease the probability for mechanical 
damage. Also, when the double-spawning events happened in a year, the velocities around the second 
event are smaller than that for the first one. 
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Fig 2.  averaged velocity observations of the spawning days (1983-2000) 
2.2. Short-term effects of current velocity 
Figure 3 and 4 give the short-term variations of the average velocities observed at the spawning ground. 
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The blank columns refer to the variations before spawning, equal to the value on spawning day minus the 
value one day before. The filled columns refer to the variations after spawning, equal to the next value 
minus the value on spawning day. The positive means the increasing velocities while the negative means 
the decreasing. 
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Fig 3. (a)short-term velocity variations of the first spawning (b) short-term velocity variations of the second spawning 
In Figure 3 (a) , totally 13 first spawning evens have been recorded. It is found that 11 evens have the 
decreasing velocities before spawning, and 10 evens have the decreasing velocities after spawning, 
respectively, accounting for about 84.6% and 76.9% of all the first records. In Figure 3 (b) , almost all 
spawning events happened for the second time in a year under the decreasing flow environment, except 
for 1985. In total, Chinese sturgeon spawned 21 times when the velocity decreased, about 91.3% of all 
spawning events.  
It seems that Chinese sturgeon are more likely to spawn under the conditions of decreasing flow. 
Figure 3 (a) shows that the velocities for the first spawning in 2000 sharply increase; correspondingly, 
according to the observation, the quantity of eggs for the first spawning in 2000 is small [5]. This situation 
may be caused by the short-term increasing change of flow. 
3. Short-term effects of sediment concentration on spawning 
3.1. Range of sediment concentration suitable for spawning 
Sediment concentrations play an important role in the spawning. Too high sediment concentrations 
may reduce sunlight intensity, which harms the hatch of sturgeon spawn. Sediment movement may also 
affect the adhesion of the fertilized eggs or even bury them, reducing the hatch rate. But if sediment 
concentrations are too low, the water transparency increases and the eggs are more easily swallowed by 
predators and burnt by ultraviolet ray. 
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Fig 4.  averaged sediment concentrations of the spawning days 
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From Figure 4, the sediment concentration range for the former spawning is between 0.27 kg/m3 and 
1.3 kg/m3 with an average value of 0.61 kg/m3, and the latter is between 0.09 kg/m3 and 0.61 kg/m3. 
Similar to the flow conditions, the sediment concentrations for the second spawning events are much 
smaller than those for the previous events. 
3.2. Short-term effects of sediment concentrations 
Similarly, the authors analyse the sediment concentration changes one day before and after the 
spawning day. The definitions of the short-term variations are similar to those described in Section 2.2. In 
Figure 5 (a), 11 of all the first spawning events happened with the decreasing sediment concentrations 
before spawning. However, the decreasing situations after spawning account for 9 times (69.2%). The 
numbers for the second spawning are 9 times and 7 times before and after the spawning days, respectively 
90% and 70%. Totally, 87% of the spawning events occurred when the background sediment 
concentrations decreased.  
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Fig 5. (a)short-term sediment variations of the first spawning (b) short-term sediment variations of the second spawning 
4. Conclusion 
Chinese sturgeon is more likely to spawn in the spawning ground with proper hydrodynamic 
environment. When there are two spawning events in one spawning season, the velocity values and 
sediment concentrations of the latter are generally smaller than the former’s. The average values of the 
velocity and sediment concentration of the first spawning events are 1.40 m/s and 0.61 kg/m3, while the 
latter averaged values are 1.20 m/s and 0.29 kg/m3. Of all 23 spawning events observed during 1983-
2000, 91.3% and 87% occurred when there were short-term decreasing variations for current velocities 
and sediment concentrations.  
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